
EXHIBIT 4



PROTOCOL FOR THE STIJDY OF
HEARING AID INTERACTION WITH

WIRELESS PHONES

Version 1.0

CENTER FOR THE STIJDY OF WIRELESS
ELECTROMAGNETIC COMPATIBIUTI

SCHOOL OF INDUSTRIAL ENGINEERING
UNIVERSITY OF OKL;\HOMA

julyS.199S



INTRODUCTION
This protocol has been developed in support of a study on the
interaction between various types of wireless telephones and hearing
aids to be conducted at the University of Oklahoma The overall
purpose of the study 1S to objectively and subjectively evaluate the
interference between wireless phone technology and hearing aids.
The Phase I objectives of the study are to:

1. define the test protocol for physical measurement of the
interference generated in hearing aids by wireless phone signals
of varying types. The resulting protocol shall produce
repeatable results and include parameters such as field
strength, threshold distance of interference, and intensity and
frequency of the resulting audio interference output;
2. define a standard methodology for measuring the immunity
of hearing aids, including standards for acceptable "noise
floors'" and,
3. define the test protocol for subjective measurement of the
extent of the interference generated in hearing aids by wireless
phone signals of varying types. The protocol shall include the
use of both hearing-impaired and unimpaired individuals.

SKkground
This protocol is based on input from the references listed at the end
of this document and from members of the Hearing Aid-Cellular
Phone Interaction Study Design Group. Much of the protocol is based
on a study conducted by the National Acoustic Laboratories, a
division of the Australian Hearing Services (Le Strange, Byrne,
Joyner, and Symons, 1995).
European and Australian clinical and laboratory studies have
demonstrated that audible interference ("buzzing") can be produced
in hearing aids by hand-held wireless phones operated in close
proximity (a few centimeters to several meters). This effect has
been demonstrated in the US but little has been published in terms
of research results.
This protocol encompasses both physical measurement of hearing aid
interference (objective testing) and how this interference is
perceived by hearing aid users (subjective testing). The model
outlined by Bowen (1995) identifies one possible breakpoint that
connects the objective and subjective testing. Physical testing
involves the RF source, RF path. and the hearing aid (objective).
Output from the hearing aid is acoustically coupled to the user who



develops a perception of the interference signal (subjective).
Objective and subjective tests can be independent.
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CURRENT RESEARCH
Currently reported studies in Europe and Australia have ex.amined
the interference generated by GSM phones, the predominant wireless
phone technology outside of the US. GSM uses a Time Division
Multiple Access (TDl\1.4) signal structure as do most digital wireless
phones in the US. The TDl\1A. principle results in the carrier being
pulsed in a fashion that allows audio frequency devices (hearing aids,
portable stereos, etc.) to demodulate the radio frequency (RF)

envelope and produce a constant, distinctive buzzing sound.
According to reports, these TDl\1A. signals interfere with hearing aids
from as far as 30 meters depending on the hearing aid model. At a
range of 3 to 5 meters, hearing aid users may experience a 200 Hz
humming noise overpowering all other signals. This is a particular
problem for hearing aid wearers who wish to use wireless phones.
The degree of interference immunity varies Widely by hearing aid
type with in-the-ear (ITE) devices typically having higher immunity.
The level of interference is also affected by the relative orientation
of the hearing aid and the phone.

Physical Measurements
Quantification of the sensitivity of a particular hearing aid (HA) to
wireless phone interference is the first step in the ultimate
development of immunity standards. Physical testing of HA
immunity requires an RF signal source for generation and
propagation of the appropriate cell phone signal, a controlled RF
environment, a means for mounting and orienting the HA, and
instrumentation for measuring the level of the audio interference
output.

RF Test Signal
Previous researchers have employed various RF test signals to
represent the GSM RF signal, including:

1. a 900 MHz pulse modulated carrier with a modulation
frequency of 217 Hz, a duty cycle of 1:8 and 100% modulation
(EHlMA, 1993; Joyner et al., 1993; National Telecom Agency of
Denmark, 1994), and
2. a 900 MHz carrier, 80% modulated by a 1000 Hz sine wave
(lEe, 1994; I.e Strange et aI., 1995).

No reports have been located in which the physical measurement
testing was conducted using actual wireless phones. Some subjective
testing has been reported with actual phones (Le Strange et al.,
1995).



RF Environment
Previous researchers have employed or compared various RF test
environments, including:

1. a radio anechoic room I. EHl:tvIA, 1993; lEe, 1994; 1£ Strange
et al., 1995),
2. "stripline" consisting of a ground plane, stripline conductor,
and 50 ohm resistive matching network (EHIlv1A., 1993), and
3. a waveguide (Joyner et al., 1993; Le Strange et al., 1995).

RF field intensities have either been fixed at 10 Vim or varied up to
200 Vim.

Mounting and Orienting the Hearing Aid
The hearing aid must be positioned in the RF test field away from
objects that could distort the field and in such a way that it can be
manipulated for maximum interference. Previous protocols include:

1. place HA in chamber in "normal use" position, rotate
(clockWise) in 90Q steps in the horizontal plane, measure
interference at maximum SPL (EHIMA., 1993; lEC, 1994;
National Telecom Agency of Denmark, 1994),
2. use both horizontal and vertical polarization of the RF field
(EHIl\1A., 1993),
3. gimbal style mounting device for positioning HA in the
waveguide about three axes, rotate for maximum pickup (1£
Strange et al., 1995), and
4. mount within the Kemar head (no reference found at
present).

Measuring Hearing Aid Output
The output of the HA must be measured without introducing
instrumentation that could distort the RF field. This has typically
been accomplished by using small diameter (2 mm) plastic tubing
with a length between 50 mm and 500 mm to distance the HA and
the acoustic monitor (lEC, 1994). Specific examples include:

1. ear simulator (lEC 711) to audio test station, amplifier, and
DATrecorder via 500 mm tubing (EHlMA, 1993; National
Telecom Agency of Denmark, 1994), and
2. standard 2 cc acoustic coupler to measuring microphone
(B&K 4155) and measuring amplifier (B&K 2636) via 500 mm
length of 2 mm Tygon© tubing (Le Strange et al., 1995).

SUbjective (Psycho-acoustic) Measurements
Subjective evaluation of wireless phone interference is important
since the detectability and annoyance of the interference depend on
the individual hearing acuity of each HA user. Detectability and



annoyance levels should be determined for hearing-impaired people
with hearing losses appropriate to each type of HA. Persons with
normal hearing should also be included to represent worst case
situations of detectability and annoyance. Detectability can be
determined through the application of standard psychophysical
techniques such as the method of limits or method of constant
stimuli. The degree of annoyance is typically ascertained through
the use of subjective scaling techniques.

Interference Source
Subjects may be presented with either actual or recorded
interference signals. Specific examples include:

1. recorded interference signal together with pink noise, "party
sounds", or connected speech (EHIl\L~, 1993; National Telecom
Agency of Denmark, 1994), and
2. actual phone with call placed to pre-recorded message (Le
Strange et al., 1995),

Detectability
Interference can be recorded on DAT or generated directly with
actual phones for evaluation of detectability. Any of the following
schemes can be used:

1. samples of various levels of recorded interference can be
replayed in random sequence at random intensity levels while
subjects are asked to respond as to the presence or absence of
interference,
2. subjects wearing hearing aids are tested by moving an
actual phone across a number of test sites from far (4 m) to
near and back while the subject indicates the presence or
absence of a "buzz" (I.e Strange et al., 1995), and
3. subjects can listen to actual hearing aid output through
tubing at various locations (e.g., close to phone as in listening to
a call, one meter, and up to several meters). The acoustic level
of interference is classified as: "not perceptible", "just
perceptible", "moderately perceptible", and "annoyingly
perceptible" (Le Strange et a1., 19951.

Annoyance/Usability
The interference signal is presented at random intensity levels
and/or varying distances while subjects are asked to respond with
the corresponding level of annoyance. Examples of the scales used
include:

1. "not annoying", "slightly annoy"ing", "annoying", and "very
annoying" (EHlIv1A., 1993), and
2. "usable", "sometimes usable", and "unusable" (I.e Strange et
al.,1995).



Experimental Variables
The experimental variables in the study consist of the independent
variables which are manipulated, dependent variables which are
measured, and control variables. The control variables are defined
by the test environment t "test bed"), test apparatus and
experimental procedure. The dependent variables include the
physical measurements and characteristics of the interference levels
and immunity "scores", and the subjective responses for detectability
and annoyance. The independent variables represent those factors
which are tested to determine their influence on the dependent
measures (both objective and subjective). Potential factors in this
study are presented in outline form in the following section labeled
Experimental Design.



EXPERIMENTAL DESIGN

FACTORS AND LEVELS

Hearing Aids
Hearing aid types
Behind the ear (BTEt
In the ear (ITEt
In the canal (ITC t
Cochlear imp-Iant (CICl

___---,O-,,(ITE=. ITC and CIC comgrise 8D% of markett
New devices vs. current patients
Specific manufacturers) models, units/model (too

many?)

Phones
Phone technology (in priority order)

Analog
IDMA @-.a.QQ MHz and 12-0_0 MHz
MIRS (IDEN)_
CDh1A
GSM@ 2.00 MHz and 18QO MHz
digital cordless? L2-QO MHzt

Participating Manufacturers

Test Procedure Variables
Distance between phone/simulator and HA
Side of head
----msilateral (same side) vs. contralateral (oRP-osite side) use
___->,(.=im......p-0rtant because of Class I vs. Class II standardst

Phone use by others vs. p-hone use by HA wearer
Relative orientation

Antenna p-osition
_ .....A=n,gle of coup-ling
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P: 214/705-8542
F: 214/705-8550
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AT&T
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CTIA
1250 Connecticut Avenue
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Washington, DC 20036
P: 202/736-2992
F: 202/785-0721
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FCC
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Washington, DC 20554
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F: 214/952-8782
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Room 621
San Francisco, CA 94105
P: 415/542-3196
F: 415/777-4957
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Hough Ear Institute
3400 Northwest 56th Street
Oklahoma City, OK 73112-4481
P: 405/947-6030
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Telecom
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P: 202/223-1720
F' 202/833-2161
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Ericcson Radio Systems
740 East Campbell, CMS40
Richardson, TX 75081
P: 214/952-8619
F 214/705-7666

Eber Lambert
Qualcomm, Inc.
6455 Lusk Blvd.
San Diego, CA 92121
P: 619/658-4008
F 619/658-2120

Lars Larsson
Ericssion Corp.
1634 1St., NW
Suite 600
Washington, Dc 20006-4083
P: 202/783-2200
F 202/783-2206

Bernie Liebler
HIMA
1200 G St., NW
Washington, DC 20005
P: 202/434-7230
F' 202/783-8750
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1250 Connecticut Ave., NW
Suite 200
Washington, DC 20036
P: 202/785-0081
F: 404/785-0721



Page 3

Melvin Mumm
Peoples Cellular
P.O. Box 1206
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Ericsson, Inc.
740 East Campbell Road
Richardson, TX 75081
P: 214/705-7668
F: 214/705-7666

Lars Nisson
Ericsson Radio Systems
740 East Campbell Road
Richardson, TX 75081
P: 214/705-7667
F: 214/705-7666

Dinesh Pal
Northern Telecom
2221 Lakeside Blvd.
Richardson TX 75083-3858
P: 214/684-4878
F: 214/684-3970

Mike Patrick
Pacific Bell Mobile Services
4420 Rosewood Drive
Building 2, 4th Floor
Pleasonton, CA 94588
P: 510/227-3015
F: 510/227-3079

David A Pervis
Argosy Electronics
10300 West 70th Street
Eden Prairie, MN 55344
P: 612/942-9232
F: 612/942-8159

David Priniski
Motorolla
600 North U.S. Highway 45
Libertyville, IL 60048
P: 708/523-2980
F: 708/523-6060

Shivakumar Ramen
University of Okla., I.E.
202 West Boyd
Suite 124
Norman, OK 73019
P: 405/325-3721
F: 405/325-7555

Ross Roeser
University ofTexas at Dallas
Cellular Center
1966 Inwood Road
Dallas, TX 75235
P: 214/883-3001
F: 214/883-3022

Mike Sacha
Starkey Laboratories
6600 Washington Avenue, South
Eden Prairie, MN 55344
P: 612/828-6930
F: 612/828-6972
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Robert Schlegel
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Suite 124
Norman, OK 73019
P: 405/325-4342
F: 405/325-7555

Mairene Skopec
FDA
12721 Twinbrook Parkway
Rockville, MD 20857
P: 3011443-3840
F: 301/443-0023

Charles Spann
Northern Telecomm, Inc.
P.O. Box 833858
Richardson, TX 75083-3858
P: 214/684-1723
F: 214/686-3934

John Stupka
SBC Communications
175 East Houston
Suite 1305
San Antonio, TX 78205
P: 210/351-2800
F: 210/351-2029

Kok-Swang Tan
Health Canada
Research & Surveillance Division
Medical Devices Bureau, Health Protection
Branch
Ottawa, Ontario, CN KIA 1C1
P: 613/954-0380
F: 613/993-0281

Harry Teder
IDA
5400 Zumbra Drive
Excelsior, MN 55331
P: 612/474-5367
F: 612/943-1020

Julian Trinder
Siemens
Roke Manor Research
Rpmsey, United Kingdom
P: 44-1794-833354
F: 44-1794-833433

Christopher Wallace
Nokia
2300 Valley View Lane
Suite 100
Irving, TX 75062
P: 214/257-9800
F: 214/257-9988

Tom Wheeler
CTIA
1250 Connecticut Ave., NW
Suite 200
Washington, DC 20036
P: 202/331-8112
F: 202/785-0721

Jack Wojcik
Aprel Labs
51 Spectrum Way
Nepean, Ontario, CN K2R lE6
P: 613/820-2730
F: 613/820-4161
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" 'W,"_' _._........ ._ .. ,_ . __ ~

Hearing Aid Telephone IntercOl1nect System
(HATISTM)

PHOE~IX \IA~AGE\IE~T I~C. ; det ~.'1tet July

About HA TIST~1

Thil1y million deaf Amelilims can

no\\' hear on the telephone! The HATISDI

system enables those \vith up 10 99%

hearing loss use the same commlmlcations

devices that others take for ~rallted. HATISTM \vorks

directly \vith a doctor's prescribed hearing aid.

because HATISDI bypasses the telephone receiver.

The hearing aid literally becomes the receiver.

creating a volwne and clarity that tar exceeds any

other product currently on the market.

A telephone :,\\\;tch (T-S\\.:itch) is all that

HATISTM requires of a hearing aid. This applies to

behind and in the ear types of aids "\"ot only does

HATISDI ::ulow total accessibilitv to communication

avenues that have been previously denied to 11 0
.;, of

America. HATISDI also serves as a major tool in

speech therapy for the deaf

Thousands ofheming disabled individuals

\\'ho have used HATISTM have made their first

cellular or landline telephone call. The majority

called and listened to their mothers tor the very tirst

time. HATISTM applies to both the orally and

manually deaf

HATISTM meets or exceeds the clitelia and

mandate reqwrements lU1der all three federal acts 'm

telecommlU1ications: the Hearing Aid Compatibility

Act of 1988. the TelecommlU1ications for the

Disabled Act of 1982 and the Americans \',ith

Disabilities Act of 1990. The system also meets The

healing accessible requirements for pes and PC'.

SySTems as well.

About the CO/lljJan}'

Phoenix \1::magement. Inc. (P\11) \\'as

formed by Jo Waldron. who is ()7 f1
.;, dc:aLmd

Shirley Crouch in 1987 to develop and

market a device that enables the healing

JInpmred to use e\'eryday te1ecoJ11111lmication de\;cc:s.

HA TlSTM \vas bOl11 of]o \\;aJdron's frustration ,mel

l11abihty to use telephones ::md other healing assisti\'e

deVIces. She. like .:;0 million others \vas relegated to

llSlI12 the slow and limited TDD/Relav Svstem.- " -
P\11's role is no\\' introducing the HATISDI system

{(J the deaf. the hearing impaired community and the

telecomnllmiCaTions industry.

HA TISL\'1 Applications
The possibilities me lmhmited in scope.

HATISDl provides the: key to the global infol1nation

hIghway that is cunently expanding every day. The

system impacts places of employment. government

offices and public access moeas. It also works \\;rh

stereos. radios and Television. For the fIrST time

healing disabled Amelical1S \\ill be able to use. the

same phones in hotels. airports. restaur::mts. hospitals.

banks. home and everyv,'here else that the maiOlit)'

ot us take for granted. The HATISDI system allows

Amenc,ms rhat have been ignored or denied the

opportunity to panicipate in society equallyo

30 \\;aldron. 1987 Disabled Americ::m tor the

"\ation and member of the President's COJ11mitlee em

the Employment of People with Disabilities states.

'One simply cannot understand the \'alue of

relecummunicaljoT1. unless you can't USt ir."



HATIS HISTORY

HATIS has been in the development stages for almost
three years, and is now a reality. Alexander Graham
Bell had a dream. He wanted to create a communication
device for the deaf due to the fact his wife was deaf. And
so the telephone was born. However, the telephone
became a device for the hearing and for the most part,
was and has been totall\' unusable for the deafor hard of
hearing.

Jo Waldron, 1987 Disabled American for the Nation
and member of the President's Committee on the
Employment of People with Disabilities states, "One
simply cannot understand the value of telecommunica
tion, unless you can't use it." Out of frustration Jo
Waldron, along with Shirley Crouch and Jim Potter,
the inventor, designed and created HATIS. Waldron,
who has a 97% hearing loss states, "The HATIS SyS
TEM will redefine what freedom reallv means to mil
lions of people like me."

• •"'T
./"". W .

Patent Pending
All Rights Reserved

Trademark

For more information contact your local dealer:

or write:
Phoenix Management, Inc.

5195 Fontaine Blvd.
Fountain, CO 80817

719-392-1442
Fax 719-392-0225

HATIS™
(Hearing Aid Telephone Interconnect System)

A REVOLUTIONARY NEW DEVICE
That Aids Those With

Hearing Loss

HATIS
Will enable the deaf/hard of hearing to utilize

Telephones, Cellular Phones, PCS
Systems and Pay Phones



HE HATIS SYSTEM works with any hearing aid
:at has a Telephone Switch (T-switch) This is for in
,e ear and behind the ear as well.

HATIS IS STATIONARY OR COMPLETELY
MOBILE

and

iATIS provides accessible telecommunication here in
he United States and beyond for millions of hearing
isabled who for the most part have been denied the
onvenience and in some cases the life saving benefits.

Will redefine the business/employment environment
as it will allow ADA I Americans with Disabilities ACT)
compliance in regards to all public facilities, services,
benefits and job accommodations and promotions.

The HATIS System will help meet the ADA require
ments in a most economical manner and will permit
people with hearing disabilities to communicate when
ever and wherever they so desire.

HATIS, a product designed by the deaf for the deaf is
registered by FCC # and is Patent Pending.

fHE HATIS SYSTEM can be retrofitted with the
Hatis receptacle on home or office phones, and pay
phones for accessibility under the Federal Acts on
Telecommunications.

FCC Registration # 2T3USA-75630-KX-N.

HATIS SYSTEMS currently work with most stereos,
cassette players, video game systems, computers, televi
sions and even more will be available in the future!

ETC.

ZOOS/MUSEUMS
RECREATIONAL

FACILITIES
EMERGENCY

CALL CENTERS
CONVENTION

CENTERS
DAY CARE

CENTERS
GAS STATIONS
INSURANCE FIRMS

------

RETAIL STORES
BANKS

PHARMACIES
HEALTH CARE

PROVIDERS

THEATERS
LIBRARIES

LEGAL OFFICES

ETC.

lOME
)FFICE

CHOOLS
iOSPITALS

JlNING arT
tESTAURAI'TS
,IRPORTS
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The Honorable RIlOli E. J-hmdt
CbaimuUl Federal CommUDicationa Commission
1919 M Street. NW. Room 314
WlU.hington. PC 20"4
USA

Corporate R&D

26. Marc:h 1995

OML

Subject: Globai SystIm fw Mobile cqmmgnjAriQDI ( GSM ) as an opervinB
Standprd for PCS in the United St:ateI of America.

Dear Mr. ChainnaD:

DuriaBtbe last few weeb, letbtn and reports repntiaa the public heaJtb and
safi:Ity ofGSM in the United Sbita of America have beeo circulated between you.
United Sta:aa Seaaton,~ Commiuee. and Subcommittees, aDd Balcer aud
HostIItIer prompted in part by misiDt.wpnad and u.aau1hotiz8d commcrnta
attributed to me in a report i..-I by W'ue1ea CommuniCladoas Council entitled:
"The GSM Operatinc StlUldard 1br Ptnoaal~:A Thn:lat to
H-.rinII AidI aad Otbea- eoasum- ad Medical Electronic DeviCR". I am writina
to you to clarify tho aituation OIle~cc:ompesibllity (EMC) between
GS~ heariDa aids. and otber cleeuoaic aACl clect:rical equipmcm.

A. c:l1rectm' ofTeIeIaboiatlOliet fbr Telecom Denmark. let me fint of all clearly
stata that OSM ........~~ aad all ott.'~ aod elee.trical
equ.ipIncIat whicb meet the Europeu UDioa ENe dlnctivc, 891336/BEC. can
operata .imuI....,...ly widIout~&om each odIIlr. 'This meaDS that
l-.iDa aid u..-. CUI~tuUyand COIIdbt1UIy \de a 2 watt. b.DdboId GSM
Wlepboae in coajuacdan with a ..... aicW ear witbout iDtea............ Tbe only
~my~ ... ever reporUId bas bela b...,.. olel. iDf.... quality
heariIIa ..... 'ocGed witbiD dne ftlet's or 1.. of a banclhold GSM telephone
opcI'Idias at it's maximum power lewl of 2 walta. III the exi.... populatioa of
beariDg ai~ ODI tbircl bad the immunity to be URd with a GSM telephone, the n:st
bad such sood immuaity tbat the probabiUty for distw'banca from other usen of
aSM t,;,lepbana was touDd to be oeslisible.

In my litdo oountry ofDeamark, OWl" 250.000 people (4.8 % of'tbc popuJatioIl)
an CW'NIItly uu. aSM c.lepbona on two compecitiw. aacioIl-wide networb and
DOC"one single c:ompJaint baa been roceiwd by the Danish Telecom InspccCOl' ftom

.......... IS 'CUE$1I ..............
aft" .........
~Ta: .,.....
.... • .,. .. a



COrporate R&D

26. Match 1995

OML

hearina aid users. cal' owners. hospitals. aiIpor1:S, medical equipll*lt suppliers.
consumer proteetioa ..-cia. etc.. 1 also wish to advice you that it i. considered
inaccunde for Wirel.. CommwIicetioaa COQDCil to single out GSM as a potential
inter'ferel'. as all aDalogue ancI diai1al radiotnDsmiuion staDdards caD i.nfll1eace the
fUnction of electronio dGvi~ includina. but DOt limited to AM. FM, AMPS.
CDMA c!t D-AMPS. It must a1ao be t'CcoglJir-t that l'DIIDY diaital radio
tr8ftunittiug syateInS, iDoluding D-AMPS, utiliZD the exact same radio ac:c:esS
method as GSM., Time DlYiaioa Multiple Acceu (TDMA).

A:a 1 have a badcgrowMi not only as a scieDtifio telocommUDicatiONl Rl8&J"Cb
expert, but also as a dcwloprrwat manag_ for the hearins aid industry. I am
coasistallly adviliDa both industries in the development ofnew modulation
teebnolotPCII and EMC campatibility test methods. A complete copy ofmy
rCllearc:h cau be obtaD1cd upon request at facsimile number + 4545 769983.

With copy of..... to:
The HoDOrabie 5enalDr Trent Lott
The Honorable Senatei' Bob Packwood
Baker 8: Hostetler, Mr. Ouy Vander Jagt

SiDc:crdy,

d4~~
Ole M.Ik Lauridlal
CorptJI..DlI'WdrIrR4:D

Pro,f..... AGL B.B.

• ... I' " r-.:
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